Context: Acupuncture may represent a nonpharmaceutical treatment for women with polycystic ovary syndrome (PCOS), based on four studies.
A pproximately 6.5% of women of reproductive age have polycystic ovary syndrome (PCOS) (1, 2) . PCOS is characterized by irregular or absent menstrual periods, hyperandrogenic manifestations such as acne and hirsutism (3) , an increased ratio of LH to FSH (4) , and insulin resistance (5) .
Of women seen in a reproductive endocrinology/fertility clinic, 22% had tried acupuncture therapy within 18 months of their initial clinic visit in the United States (6) [12.5% within 6 months in Australia (7) and 8% use in the United Kingdom (8) ]. The four publications [sample sizes ranged from 24 to 45 women (9 -12)] on acupuncture for women with ovulatory disorders reported acupuncture to be effective for restoring regular menses, regular ovulation, and/or achieving pregnancy. One of these prior studies was a randomized clinical trial (RCT), and the comparison intervention was physical exercise (12) . All four reports have limitations that have been addressed by this study, most notably a lack of a comparison population (9, 11) , collection of posttreatment blood samples midcycle (11) or a nonstandardized time in the cycle (9, 12) , and inclusion of a variety of menstrual disorders in the eligibility criteria (10) .
This study was a RCT of acupuncture in oligoovulatory and anovulatory untreated, adult female patients with PCOS. The goals of this study were to assess whether an acupuncture standardized protocol would increase the ovulatory frequency and normalize the ratio of LH to FSH relative to a sham acupuncture intervention.
Subjects and Methods

Trial design
This study was a randomized, double-blind, sham-controlled clinical trial of acupuncture in women diagnosed with PCOS. The 5-month protocol involved baseline questionnaires and biological sampling, two intervention months, postintervention repeat questionnaires and biological sampling, 3 months of follow-up without intervention, and post-follow-up questionnaires and biological sampling. Women provided urine or blood samples weekly throughout the entire 5 months for objective assessment of ovulation. Menses were self-reported. This trial was approved by the University of Virginia's Internal Review Board (no. 12045), and this report follows the Standards for Reporting Interventions in Controlled Trials of Acupuncture guidelines (13) .
Geographic area and enrollment criteria
All study participants were residents of Virginia, with one exception of a woman living in the Washington, DC, metropolitan area. Recruitment was initially targeted to Charlottesville, VA, and the surrounding counties (population of 155,000). In yr 2, marketing efforts were expanded to the Richmond, VA, metropolitan area (state capital) with a population of 850,000 and to the counties between Charlottesville and Harrisonburg, VA (metropolitan population 70,000). For marketing and recruitment details, see Pastore and Dalal (14) .
Women were eligible if they had PCOS, as confirmed through symptoms and blood tests for this study or through their health care provider if the confirmatory laboratory results were collected in the prior year. Inclusion criteria were: 1) a diagnosis of PCOS, as confirmed by the presence of both oligomenorrhea and hyperandrogenism (15) , 2) aged 18 -43 yr, 3) at least one menses in the past 6 months but no more than eight periods in the most recent 12 months without hormonal intervention, and 4) agreement to not take hormonal contraceptives, metformin, or fertility medication for the 5 months of study participation. The requirement of one menses in the past 6 months was implemented to ensure that all women, after the 5-month trial, would have at least one menses in the prior 12 months to minimize her risk of endometrial cancer. Hyperandrogenism was defined by self-reported hirsutism and/or acne and/or elevated free testosterone [Ͼ6.8 pg/ml (16)]. Free testosterone was calculated from testosterone and SHBG levels (17, 18) . Exclusion criteria were: 1) diagnosed with Cushing's syndrome, uncontrolled thyroid disease, hyperprolactinemia, congenital adrenal hyperplasia, or diabetes mellitus; 2) use of metformin or hormonal contraceptives in the 60 d before enrollment; 3) use of any other hormonal drug in the 30 d before entry into study, including fertility medications, and over-thecounter hormonal supplements or herbs (i.e. black cohosh, clover, soy, dong quai/Chinese angelica root, fructus rubi, white peony root); 4) currently pregnant or breast-feeding during the prior 30 d; 5) any acupuncture treatment for ovulatory disorders in the prior 30 d; 6) weight more than 250 lb because these women were reported to be the most resistant to medical intervention at the time of our study design development (19); 7) currently taking anticoagulation medication other than low dose (Յ81 mg) aspirin; 8) immune deficiency; and 9) history of any bleeding disorder.
Information regarding the PCOS symptoms (menstrual pattern, hirsutism, acne) was obtained using a phone screening questionnaire. Androgens, TSH, 17-hydroxyprogesterone, fasting glucose, hemoglobin A1C, and prolactin were assayed on fasting blood samples for diagnostic and eligibility confirmation purposes.
Eligibility of all potential enrollees was confirmed by a reproductive endocrinologist (C.D.W.). Signed informed consent was obtained before the diagnostic blood draw.
Interventions
Subjects in both groups had 12 acupuncture/sham session: twice each week for the first 4 wk followed by once per week for an additional 4 wk. There were four study acupuncturists, each of whom implemented both protocols. For the true acupuncture treatment, the following bilateral points were stimulated with electroacupuncture: bladder 23, bladder 28, spleen 6, and spleen 9. The following points were manually stimulated: pericardium 6, triple energizer 5, and governor vessel 20. The sham acupuncture was performed with the validated Park sham device (20, 21) . The sham device was placed on the skin at standardized points on all four extremities (Achilles tendon and lateral head of the triceps) chosen to avoid standard acupuncture meridians and acupuncture points (22) . For further details, see the Supplemental Data, published on The Endocrine Society's Journals Online web site at http://jcem.endojournals.org.
Longitudinal biological parameters and study clinic protocol
All participants had fasting 2.5-h study visits at a single study center at three time points: before the first intervention, within 2 wk after the last intervention, and 3 months after the last intervention. During each visit, a 75-g oral 2-h glucose tolerance test was performed. Blood samples were drawn for insulin, glucose, FSH, LH, dehydroepiandrosterone sulfate, progesterone, prolactin, testosterone, and SHBG assays. Height and weight were measured [for calculating body mass index (BMI)] by trained nurses. See the Supplemental Data for lab assay details.
Ovulation assessment
The participants provided weekly blood samples for serum progesterone measurement or collected first-void urine samples at home (stored in their home freezer) for pregnanediol glucuronide (PDG) measurement for the entire 5-month protocol. Ovulation was defined as progesterone of 3 ng/ml or greater or a ratio of the peak urinary PDG to the basal PDG level in the follicular phase of 4.0 or greater. See the Supplemental Data for further details.
Power analysis
Based on prior acupuncture/PCOS research, it was anticipated that 38% of the true acupuncture and 9% of the sham acupuncture group would have two or more ovulations during the time period encompassing the intervention and 3 months of follow-up (9). The power calculation presumed minimal placebo effect as the outcomes were hard biological end points, and the 9% ovulation rate in the sham arm was based on the preenrollment ovulatory frequency from Stener-Victorin et al. (9) . With these rates of ovulation, the study required 78 total participants (1:1 ratio of acupuncture to sham) to see a relative odds of ovulation of 4.4 with 80% power and a two-sided type I error rate of 0.05 or less.
Randomization
Women were randomized to an intervention arm using a random number generator program. In blocks of four participants, stratified by obese (BMI Ն30 kg/m 2 ) vs. nonobese (BMI Ͻ30 kg/m 2 ) (23), consecutive study identifications were assigned to a treatment arm by a graduate student independent of the study team under the direction of a biostatistician. The weight strata ensured that the BMI distribution would be equally distributed between the acupuncture and sham treatment groups. These assignments were placed in individual sealed, opaque envelopes labeled with the study identifications. The lead acupuncturist (J.J.) drew the next consecutive envelope within the appropriate BMI strata, recorded who was assigned that envelope, communicated the intervention assignment directly and only to the acupuncturist who was selected for that participant, and stored all the envelopes until the final enrollee completed her final study visit. No participants switched their study intervention arm. The participants, principal investigator, clinical research coordinator, and biostatistician (J.T.P.) were all blind to the intervention arm. The lead acupuncturist and the acupuncturist who was treating the participant were the only individuals who knew the treatment arm for a given participant.
Statistical analyses
Potential differences between the interventions and between the dropouts and completers were assessed with Kruskal Wallis and Wilcoxon rank sum tests (continuous variables) and Pearson 2 tests (categorical variables). The monthly rates of ovulation by intervention were analyzed with a Poisson generalized linear model with the offset variable representing the logarithmic number of months of study participation. The gonadotropin results were analyzed with linear mixed models using the Welch's form of the Student t test, a test that is more robust to unequal group variances. Post hoc, the LH and FSH analyses were repeated excluding the women whose postintervention (n ϭ 10 women, 12% of the cohort) or post-follow-up (n ϭ 17, 20% of the cohort) samples were collected in the late follicular or luteal phase of the menstrual cycle phase or for whom missing samples prevented determination of cycle phase. For the primary aims, statistical significance was judged by a two-sided ␣ ϭ 0.05.
Secondary aims were to determine predictors of treatment success with acupuncture using Spearman correlations and Spearman partial correlations. Potential predictors are described in the Supplemental Data. An ␣ ϭ 0.10 was used for this analysis because the original study was not powered for this investigation and the intention was exploratory. Lastly, post hoc, the frequency of menses was compared during the trial with the hormone-free preenrollment time frame using the Wilcoxon paired sign test.
All statistical analyses were conducted with Spotfire Sϩ version 8.0 (TIBCO, Palo Alto, CA), SAS version 9.1.3 (SAS Institute Inc., Cary, NC), and EPI Info 3.5.1 (public domain) software.
Results
One hundred thirty-four women consented and were screened for this study, of which 38 (28%) were not eligible and 10 (7%) were eligible but declined to participate (Fig. 1) . The remaining 96 eligible women were randomized between January 2006 and October 2009. Eleven women dropped out during the intervention phase; There was no age, education, BMI, or race difference between the dropouts and the remainder of the cohort (P Ͼ 0.06). One participant who was eligible at enrollment and entered the menopausal transition during the trial was excluded, as evidenced by increasing FSH levels (5.2 mIU/ml at enrollment, 73.0 mIU/ml after treatment, 40.7 mIU/ml after follow-up). Thus, the analytic cohort was restricted to 84 women who completed the intervention (n ϭ 40 acupuncture, n ϭ 44 sham).
FIG. 1.
Flow chart of study participation. HbA1C, Hemoglobin A1C; 17OHP, 17-hydroxyprogesterone.
Most of the women had some college education, and approximately half the cohort was obese (Table 1 ). There were no differences by intervention in age, education, BMI, race, or Hispanic ethnicity (P Ն 0.20). Selected eligibility data and endocrine results are displayed (Table 2 ). On average, the participants had five menses in the most recent 12 months without hormonal intervention before enrollment. Nearly all the participants (94%) were acupuncture naïve.
Eighty-seven percent (74 of 85) of the participants had all 12 scheduled sessions with the acupuncturist. Ten women (12%) had 11 sessions, and one woman had only 10 sessions. The final session with the acupuncturist was sometimes purposefully canceled by the principal investigator to time the posttreatment 2.5-hour study visit for the early follicular phase.
The monthly ovulation frequencies did not differ by intervention (Fig. 2A) . The mean rate of ovulation over the 5-month protocol was 0.37 (95% confidence interval 0.29 -0.46) in the true acupuncture group and 0.40 (95% confidence interval 0.32-0.49) in the sham acupuncture arm (P ϭ 0.64). Both intervention arms experienced an improvement in the ratio of LH to FSH during the 8 wk of intervention (P Ͻ 0.04), and this persisted for the 3 months of follow-up in the acupuncture arm (P ϭ 0.001, Table 3 ). There was no change in the FSH levels across time in either intervention arm (P Ͼ 0.11). LH declined during the intervention phase in both arms, although only significantly so in the sham arm (P ϭ 0.04), and LH declined over the entire 5-month study time frame in both arms (P Ͻ 0.05). When the cohort was restricted to the women whose postintervention serum sampling could be documented to be in the early follicular menstrual phase (n ϭ 38 true acupuncture, n ϭ 43 sham acupuncture), there were two differences to the hormonal results reported above. First, the LH to FSH ratio reduction (from 1.8 to 1.4) in the true acupuncture arm during the intervention time frame did not quite reach statistical significance (P ϭ 0.06, whereas P ϭ 0.04 in the full cohort). Second, the decline in the LH level between the baseline and post-follow-up assessments (from 12.9 to 8.1 mIU/ml) was not significant in the sham arm (P ϭ 0.10, whereas P ϭ 0.048 in the full cohort).
In bivariate analyses (Table 4) , a greater preenrollment annual menstrual frequency, lower free testosterone, and higher SHBG were suggestive of being predictive of the ovulation rate in both the acupuncture and sham arms (P Ͻ 0.10). Neither baseline BMI nor the percentage weight change during the 2 months of intervention was related to the ovulation rate in either arm (P Ͼ 0.25). Insulin was predictive of the mean ovulation within the true acupuncture group (P Յ 0.05) but not the women in the sham arm. Partial correlations controlling for BMI and preenrollment menstrual frequency indicated that lower fasting serum insulin (P ϭ 0.03) and lower free testosterone (P ϭ 0.03) were highly correlated with a higher ovulation frequency within the acupuncture arm. Within the sham arm, corresponding partial correlations indicated a potential relationship with free testosterone and SHBG (P ϭ 0.06 and P ϭ 0.09, respectively, data not shown), and neither insulin measure was associated with the ovulation rate (P Ͼ 0.50). The monthly rate of menses by the intervention arm is higher than the rate of ovulation (Fig. 2B , no statistical test was run), thus indicating that a proportion of the periods were anovulatory. Among those receiving true acupuncture, the overall frequency of periods during the 5-month study protocol (median 0.60/month, mean 0.56/month) was higher than the preenrollment menstrual frequency (median 0.50/month, mean 0.46/month), although this did not reach statistical significance (P ϭ 0.066). Among those receiving sham acupuncture, the overall frequency of periods during the 5-month study protocol (median 0.60/month, mean 0.60/month) was higher than the preenrollment menstrual frequency (median 0.42/month, mean 0.40/month) and was statistically significant (P Ͻ 0.001).
Of the 45 participants who were eligible to become pregnant, defined as sexually active women who reported either no contraception or irregular use of contraception, seven women became pregnant during the 5-month trial. There was no difference by intervention (four of 20 ϭ 20% in true acupuncture vs. three of 25 ϭ 12% in the sham acupuncture, P ϭ 0.68). An additional three women reported a pregnancy within 3 months after their study participation ended, all of whom were in the sham arm.
There were two adverse events reported in this trial. One woman fainted with the initial blood draw (for determination of eligibility); she was not allowed to enroll due to the repeated blood draws required in this protocol. A second woman reported back spasms during a true acupuncture session; subsequent evaluation by a physician outside the study team determined that the spasm was unrelated to the treatment. Neither event was deemed serious.
Discussion
Our investigation revealed that this acupuncture protocol and this sham protocol resulted in similar rates of ovulation and similar reduction in the LH to FSH ratio in women with PCOS. After controlling for BMI and preenrollment menstrual frequency, these data suggest that this acupuncture protocol was more effective for women with less severe metabolic disturbance (lower fasting insulin) or less androgen production (lower free testosterone) because neither of those factors were related to the ovulation rate among the participants in the sham arm.
Commentary on the equivalent effect of the sham acupuncture is warranted. Other studies of different diseases, published after this grant was funded, also failed to show greater benefit of true compared with sham acupuncture. For example, no difference was detected in several large scale RCT of acupuncture for chronic pain patients (24 -27) . [For publications on acupuncturists' and acupuncture researchers' interpretation of the acupuncture placebo/ control group results, the reader is referred elsewhere (28, 29) .] Using neuroimaging techniques, differential effects on the brain were demonstrated in true vs. sham acupuncture treatment of women with fibromyalgia, which indicated different biological pathways between the interventions (30) . In our data, although the ovulation rate overall and by month did not differ between the study arms, two biological factors (fasting insulin and free testosterone) demonstrated strong inverse correlations with the ovulatory frequency in the true acupuncture arm but not the sham arm. The key unanswered question in this study is whether there was a different biological pathway underlying the two distinct interventions, which resulted in similar ovulation and gonadotropin responses.
Comparison with relevant acupuncture literature
Of the four prior studies of acupuncture in women with various menstrual/infertility diagnoses, the most relevant to this RCT was a Stener-Victorin single-arm study of 24 women with PCOS all of whom had 2 months of acupuncture (same acupuncture points as in this RCT) and 3 months of posttreatment follow-up (9). They reported a similar decline in the LH to FSH ratio (from 1.7 to 1.47, P ϭ 0.04) and no significant change in LH or FSH. The responders in the cohort of Stener-Victorin et al. (9) were more likely to have lower BMI, lower baseline fasting insulin, lower total testosterone, and higher baseline SHBG than the treated nonresponders(P Յ 0.01). Our data support their lower fasting insulin and lower free testosterone association, after controlling for BMI and preenrollment menstrual frequency.
More recently Jedel et al. conducted a three-arm RCT (16 wk of acupuncture vs. 16 wk of physical exercise vs. an observation only arm) (12) . They reported an increase in the monthly ovulation rate from 28% at baseline to 69% after 16 wk of acupuncture in 24 women with PCOS using a different acupuncture protocol. They reported no change in the LH to FSH ratio and notable declines (Ϫ30%) in the circulating testosterone level in the acupuncture arm; neither of these latter observations is supported by our study (our testosterone data were not displayed and are available from the first author upon request).
Strengths and limitations
Our results beg the question as to whether both arms or neither arm experienced an improvement in ovulatory function. We are unable to definitively answer this ques- tion with our data, although the improvement in the LH to FSH ratio in both arms and the increase in menstrual frequency during the trial compared with preenrollment suggest that both interventions may have been beneficial. The most important study limitation is the lack of preintervention ovulation data in our population. The findings are additionally limited by the fact that the acupuncture protocol did not allow for individuation; thus, the findings are not reflective of real-world acupuncture practice. Although the protocol was not too different from what the acupuncturists might have used on their own (personal communication with the study acupuncturists), deviations in acupuncture point selection or the addition of moxibustion, for example, were not allowed. Therefore, the interpretation of the results is limited to this particular acupuncture protocol. Of a lesser magnitude, the operational design of the clinical trial lacked objective measures of acne and hirsutism, which might or might not have been informative. The strengths of this study are the RCT design, with its prospective data collection and blinding of the intervention. This trial attained the target sample size, thus there was adequate statistical power for the primary ovulation aim. This study has the largest sample size of any prospective acupuncture study yet published with PCOS women. The cohort represented a wide range of ages and BMI, which improves the generalizability of our findings. The majority of the gonadotropin hormone assessments occurred in the early follicular phase, which is the time when interindividual differences would be minimized, thus reducing measurement bias. This study included PCOS women from the general community (approximately 40% had not been diagnosed with PCOS before study enrollment) as opposed to a clinic population with potentially more bothersome symptoms.
External validity
These findings are applicable to women with PCOS as diagnosed with Eunice Kennedy Shriver National Institute of Child Health and Human Development criteria. The impact of acupuncture treatment for women diagnosed with ultrasonic ovarian cysts is unknown and cannot be extrapolated from these results. Because a desire for pregnancy was not a prerequisite, these findings are applicable to women whether or not they are seeking pregnancy. Because both professional non-MD acupuncturists and MD/acupuncturists were study practitioners and no differential difference was observed in the results by practitioner, the findings should be generalizable, regardless of an acupuncturist's training within the traditional Chinese medicine framework.
Clinical significance and future directions
Women increasingly seek nonpharmaceutical options for fertility assistance. The demand for complementary/ alternative medicine (CAM) remedies is not insignificant. In the United States, 29% of infertility patients had used a CAM modality for fertility treatment over a prospective 18-month time frame (6) . In the United Kingdom, 23 and 40% of infertility patients in public and private clinics, respectively, had sought CAM for fertility purposes (8) . The first line of treatment for PCOS women is clomiphene citrate and/or metformin if they are seeking pregnancy and oral contraceptives otherwise. For women who find these treatment options to be ineffective, insufficient, or unacceptable, nonpharmaceutical options would be well received if evidence showed efficacy. Perhaps other CAM modalities or other acupuncture protocols will offer potential solutions. This study suggests that this acupuncture regimen may be beneficial to women with lower fasting insulin and free testosterone levels. This is good news for women with PCOS who are seeking pregnancy because acupuncture may be a nonpharmaceutical option for them without any known fetal or multiple gestation risks. The safety of acupuncture is documented (31) and supported by few adverse events in this trial.
There is a clinical need for treatment options for women who are clomiphene resistant; thus, research on acupuncture treatment in this population would have high clinical value. It would also be informative to investigate the pathophysiology of both true and sham acupuncture. Not only is it confusing to the public to learn that a placebo is equivalent to an active intervention, but it also raises questions about the active intervention that may or may not be warranted. 
